An applied magnetic field will perturb an elastic wave that is passing through an electrical conductor. Nonuniformity in the applied field introduces an extra dissipative effect that is not present for a uniform applied field. In this paper one case of the interaction of elastic wave motion with a nonuniform field is solved by means of series expansions in the two dimensionless perturbation parameters involved. The effect of the nonuniform field dominates the effect of the uniform field in regions where the local field strength is less than half of the change in field strength per wavelength. For seismic waves in the core of the earth, the effect would be most important for long-wavelength standing modes of free vibration. However, taking accepted values for the conductivity and field strength in the core, the effect of the nonuniform field is found to be insignificant, as is the uniform field effect.
INTRODUCTION
The elementary principles of electromagnetic theory predict that an applied magnetic field will perturb an elastic wave that is passing through an electrical conductor, because the motion associated with the wave will give rise to induced fields and currents, and there will be some energy dissipated. The quantitative estimate of this perturbation followed from the generalization of AlfvSn's treatment of magnetohydrodynamic waves to include mediums that were compressible and were of finite conductivity [Herlo/son, 1950; van de Hulst, 1951; Anderson, 1953; Ba2os, 1955] .
The interaction of longitudinal wave motions with an applied magnetic field has interested geophysicists because this interaction must take place when seismic waves pass through the core of the earth where the electrical conductivity is high and the magnetic field, as predicted by dynamo theory, is strong. The question is whether the interaction will affect the seismic waves, or whether it is negligible. The problem is treated by Knopo# [1955] [1965]. These authors conclude that the effect is indeed insignificant, but it is important to note that their estimates of attenuation are based on theory for a uniform applied field.
The magnetic field in the earth's core cannot, of course, be uniform everywhere, and it is the purpose of this paper to develop the theory for a particular case of the interaction of elastic wave motion with a nonuniform field to find the order of magnitude of the extra attenuation involved. A nonuniform field may be expected to introduce extra energy loss because, as the wave passes, the translation of the material will also induce currents in addition to the compressionexpansion cycle that causes the energy loss in a uniform field.
The problem is initially one in magnetoelasticity. A general nonuniform magnetic field is difficult to treat mathematically, and the few previous publications on wave motion in a nonuniform field have all assumed the more simple case of infinite conductivity [Gajewski and Winterberg, 1963, 1965; Uberoi, 1964; and Plato, 1964] . However, we must consider the conductivity to be finite for energy loss to occur at all. We treat the most simple case of a nonuniform field in rectangular Cartesian coordinates, and, having found the result for plane waves propagating in an infinite medium, we shall apply it to seismic waves in the earth's core. This paper does not take into account the possible extra energy loss close to the boundaries of the medium, which has been shown in experiments by Lilley and Carmichael [1968] At this point, a note may be made regarding the linearization of (2) to (4) above, which required that Bo > b. At the origin, where Bo is zero, this condition is not satisfied. However, the amplitude of b depends upon the amplitude of vibration, which may be taken as being arbitrarily small. Therefore the range of nonlinearity is reduced to an arbitrarily small region about the origin. Elsewhere the linearity approximation is valid.
SOLUTION BY EXPANSION IN PERTURBATION

SERIES
Taking the case where the applied field is given by Bo = px, we wish to solve (5) and (6) for us and b,. We reduce the equations to dimen- We also note that, since the region is nonuniform, some energy will in general be lost from the forward-traveling wave by reflection. Such loss will be taken into account by our method of solution and, if significant, will be evident as a decrease of the energy flux with distance. However, in the limit of infinite conductivity (s --• •), the total energy flux as expressed in (21) does not vary with •, thus in the present problem the energy reflected is less than the order of accuracy of (21). Because negligible energy is reflected in the limiting case of infinite conductivity, terms that are present as a result of finite conductivity represent energy dissipated, not energy reflected. The result that negligible energy is reflected is consistent with the condition on the problem that the elastic wave be only slightly perturbed. Finally, can we say anything more about seismic waves in the core? •Knopoff and •Kraut have shown that the effect of a uniform field on seismic waves in the core is negligible. The particular nonuniform field we have considered has a stronger effect than a uniform field within half a wavelength of the origin. The importance of the nonuniform field effect will therefore be most pronounced at long wavelengths, which in the seismic case arise from the free oscillations of the earth. However, the extremely small effect found by Kraut is not changed significantly by an increase of 1 order of magnitude, and the gradient effect found here for an infinite medium is negligible in the core of the earth.
